In this paper, we studied the mechanism of the increase of firmness in strawberry fruit treated Strawberry is one of the fruits suitable for use as dessert, since it has good properties of beautiful red color, good taste and flavor, and juicy and soft texture.
It also contains a large amount of ascorbic acid and dietary fiber. But, it is very difficult to keep the quality of fresh strawberry fruit after harvest. With regards to keeping quality of strawberry fruit, irradiation7)8) and others9), have been studied.
CA storage has been practically applied and it is the most effective method for keeping quality of this fruit4).
However, it is difficult to decide the condition of atmosphere for storage and CA storage requires expensive facilities. We have previously reported that shortterm treatment with high concentration of CO2 gave good effect on keeping quality of strawberry during storage and increased the firmness of the fruit10). In this paper, we investigated the mechanism of the increase of firmness in strawberry fruit treated with 100% CO2. Methanol formed by the enzyme reaction was assayed by the method of BARTOLOME et al.11), using GC with FID.
Assay of calcium in strawberry fruit Calcium in strawberry fruit was extracted and fractionated into 4 fractions; watersoluble, NaCl-soluble, acetic acid-soluble and HCl-soluble fractions according to the method of KONISHI et al.12) Calcium content was determined by the atomic absorption spectrophotometry. Result and discussion 1. Effect of 100% CO2 treatment on the firmness of strawberry fruit The firmness of untreated fruit did not ( Fig. 1) . But, the firmness of 100% CO2 treated fruit increased and reached maximum level after the treatment for 1 day, and then gradually decreased thereafter. 2. Change in the internal CO2 of strawberry fruit during and after 100% CO2 treatment The internal CO2 concentration in untreated fruit was less than 4% during the storage. In treated fruit, it increased immediately after the start of the treatment, reaching to 75% after 2 hr, and maintained a constant level during the treatment (Fig. 2) . The elevated CO2 level decreased rapidly within 60min after release the treatment and returned to the same level of untreated ones.
Equilibration of internal CO2 to external CO2 was reached within 2hr in strawberry fruit, but 6hr was reported in tomato fruit14). These observations suggest that strawberry fruit can easily exchange the internal gas to external CO2 compared to tomato fruit.
3. Changes in pectic substances of strawberry fruit during and after treatment Changes in pectic substances during and after treatment were studied (Table 1 and Fig.  3 ). Total pectin concentration in all samples was almost constant during storage. The ratio of water soluble pectin (WSP) to total pectin was 45% at harvest, and did not change in untreated fruit during storage. WSP ratio decreased rapidly by the CO2 treatment and it was maintained after removal of the treatment. The ratio of hexametaphosphate soluble pectin (HMP) was 25% at harvest and did not change during the storage in untreated fruit. The CO2 treatment rapidly increased HMP ratio and it was maintained after the treatment.
The CO2 treatment did not affect hydrochloric acid solu- 4. The change of pectin methyl esterase activity during and after CO2 treatment Pectin methyl esterase (PE) activity was higher in the treated fruit during and after the treatment than the one in untreated fruit (Fig.  4) . PE activated by the CO2 treatment may induce the demethylation of pectin molecules in the fruit. Demethylated pectin molecules might form the intermolecular bridge mediated by Ca2+ and strengthen the pectin gels in cell walls.
Effect of CO2 treatment on the distribution
of Ca in strawberry fruit Table 2 shows the effect of CO2 treatment on the distribution of Ca in strawberry fruit. Ca was fractionated into four fractions; watersoluble, NaCl-soluble, acetic acid-soluble, and HCl-soluble fractions.
NaCl-soluble fraction contained a cation binding type pectin. The ratio of Ca content in the NaCl-fraction to total Ca content was higher in the CO2 treated fruit during and after treatment than the one in untreated fruit, coinciding with an increase of HMP in the CO2 treated fruit. This provides an evidence that intramolecular bridge may be formed by Ca2+ in pectin of the CO2 treated fruit.
The results presented here indicate that the increase of firmness of strawberry fruit by the 100% CO2 treatment might be due to the formation of intramolecular bridges in pectin mediated by Ca2+.
